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(57) ABSTRACT 

A method of enhancing the deWatering of a paper sheet on 
a paper machine comprising adding to the paper sheet about 
0.05 lb/ton to about 15 lb/ton, based on dry ?ber, of one or 
more aldehyde functionaliZed polymers comprising amino 
or amido groups Wherein at least about 15 mole percent of 
the amino or amido groups are functionaliZed by reacting 
With one or more aldehydes and Wherein the aldehyde 
functionaliZed polymers have a molecular Weight of at least 
about 100,000. 
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METHOD OF USING 
ALDEHYDE-FUNCTIONALIZED POLYMERS TO 
ENHANCE PAPER MACHINE DEWATERING 

TECHNICAL FIELD 

[0001] This is a method of enhancing paper machine 
deWatering using aldehyde-functionaliZed polymers having 
a speci?c level of functionaliZation. 

BACKGROUND OF THE INVENTION 

[0002] Papermaking comprises taking a slurry of paper 
making raW materials at a consistency (Weight percent 
solids) in the range 0.1 to 1.0 Weight percent and deWatering 
it to form a sheet With a ?nal consistency of about 95 Weight 
percent. Paper machines accomplish this deWatering through 
a series of different processes Which include from the 
beginning to end: 1) gravity or inertial deWatering (early 
forming section of the machine); 2) vacuum deWatering (late 
forming section of the machine); 3) press deWatering (press 
section of the machine); and 4) thermally evaporating the 
Water (dryer section of the machine). The cost of deWatering 
increases in going from 1 to 4, Which makes it advantageous 
to remove as much Water as possible in the earlier stages. 
The rate of paper production or, equivalently, the machine 
speed is dictated by the rate at Which the Water can be 
removed, and consequently, any chemical treatment Which 
can increase the rate of Water removal has value for the 
papermaker. Many grades of paper require the use of reten 
tion aid chemicals for their manufacture in order to retain the 
?ne particles found in the raW materials used to make the 
paper. It is Well knoWn in the paper industry that these 
retention aids can also enhance the rate of gravity, inertial, 
and vacuum deWatering or drainage, as it is often called. 
Such retention chemicals include the Well knoWn ?occu 
lants, coagulants, and microparticles used in the industry. 
Existing laboratory free and vacuum drainage tests can 
readily identify the drainage effects of these retention aid 
chemicals. 

[0003] The production rate for the vast majority of paper 
machines is limited by the drying capacity of the machine’s 
dryer section. Consequently, the consistency of the paper 
sheet leaving the press section and going into the dryer 
section is most often critical in determining the paper 
machine speed or production rate. The effects of chemical 
additives on press deWatering are unclear With little infor 
mation available on this topic. The effect of retention aid 
chemicals on press deWatering is often reported to be 
detrimental as a consequence of the decreased consistency 
entering the press as a result of increased Water retention or 
reduction in press ef?ciency resulting from a loss in sheet 
formation. Both these factors arise from the ?occulation of 
the papermaking particles by the retention chemicals. 
Because the consistency of the sheet leaving the press 
section is most often the most critical factor in determining 
machine speed, any treatment capable of increasing this 
consistency Would obviously be highly desirable. Currently, 
no chemical treatments are knoWn to be marketed as com 

mercial press deWatering aids, although anecdotal reports 
suggest that some polymers can favorably effect out going 
press consistency. Accordingly, there is an ongoing need to 
develop compositions having effective press deWatering 
activity. 
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[0004] GlyoXylated polyvinylamides prepared from gly 
oXal and polyvinylamide in a mole ratio of 0.1 to 0.2 are 
disclosed as Wet strength resins in US. Pat. No. 3,556,932. 

[0005] LoW molecular Weight glyoXylated cationic poly 
acrylamides prepared from glyoXal and cationic polyviny 
lamide in a ratio of 0.1-0.511 are disclosed as temporary Wet 
strength resins in US. Pat. No. 4,605,702. 

[0006] Amethod of imparting strength to paper by adding 
to a pulp slurry a miXed resin comprising an aminopolya 
mide-epichlorohydrin resin and a glyoXylated acrylamide 
dimethyl diallyl ammonium chloride resin prepared from 
glyoXal and acrylamide-dimethyl diallyl ammonium chlo 
ride copolymer in a molar ratio of about 2-0.5:1 is disclosed 
in US. Pat. No. 5,674,362. 

SUMMARY OF THE INVENTION 

[0007] This invention is a method of enhancing the deWa 
tering of a paper sheet on a paper machine comprising 
adding to the paper sheet about 0.05 lb/ton to about 15 
lb/ton, based on dry ?ber, of one or more aldehyde func 
tionaliZed polymers comprising amino or amido groups 
Wherein at least about 15 mole percent of the amino or 
amido groups are functionaliZed by reacting With one or 
more aldehydes and Wherein the aldehyde functionaliZed 
polymers have a Weight average molecular Weight of at least 
about 100,000 g/mole. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0008] 
mula 

“Acrylamide monomer” means a monomer of for 

R10 

[0009] Wherein R1 is H or Cl-C4 alkyl and R2 is H, Cl-C4 
alkyl, aryl or arylalkyl. Preferred acrylamide monomers are 
acrylamide and methacrylamide. Acrylamide is more pre 
ferred. 

[0010] “Aldehyde” means a compound containing one or 
more aldehyde (—CHO) groups, Where the aldehyde groups 
are capable of reacting With the amino or amido groups of 
a polymer comprising amino or amido groups as described 
herein. Representative aldehydes include formaldehyde, 
paraformaldehyde, glutaraldehyde, glyoXal, and the like. 
GlyoXal is preferred. 

[0011] “Alkyl” means a monovalent group derived from a 
straight or branched chain saturated hydrocarbon by the 
removal of a single hydrogen atom. Representative alkyl 
groups include methyl, ethyl, n- and iso-propyl, cetyl, and 
the like. 

[0012] “Alkylene” means a divalent group derived from a 
straight or branched chain saturated hydrocarbon by the 
removal of tWo hydrogen atoms. Representative alkylene 
groups include methylene, ethylene, propylene, and the like. 

[0013] “Amido group” means a group of formula 
—C(O)NHY1 Where Y1 is selected from H, alkyl, aryl and 
arylalkyl. 
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[0014] “Amino group” means a group of formula —NHY2 
Where Y2 is selected from H, alkyl, aryl and arylalkyl. 

[0015] “Amphoteric” means a polymer derived from both 
cationic monomers and anionic monomers, and, possibly, 
other non-ionic monomer(s). Representative amphoteric 
polymers include copolymers composed of acrylic acid and 
DMAEA.MCQ, terpolymers composed of acrylic acid, 
DADMAC and acrylamide, and the like. 

[0016] “Aryl” means an aromatic monocyclic or multicy 
clic ring system of about 6 to about 10 carbon atoms. The 
aryl is optionally substituted With one or more CJL-C2O alkyl, 
alkoXy or haloalkyl groups. Representative aryl groups 
include phenyl or naphthyl, or substituted phenyl or substi 
tuted naphthyl. 

[0017] “Arylalkyl” means an aryl-alkylene- group Where 
aryl and alkylene are de?ned herein. Representative aryla 
lkyl groups include benZyl, phenylethyl, phenylpropyl, 
l-naphthylmethyl, and the like. BenZyl is preferred. 

[0018] “Diallyl-N,N-disubstituted ammonium halide 
monomer” means a monomer of formula 

[0019] Wherein R3 and R4 are independently C1-C2O alkyl, 
aryl or arylalkyl and X is an anionic counterion. Represen 
tative anionic counterions include halogen, sulfate, nitrate, 
phosphate, and the like. A preferred anionic counterion is 
halogen. Halogen is preferred. A preferred diallyl-N,N 
disubstituted ammonium halide monomer is diallyldimethy 
lammonium chloride. 

[0020] “Halogen” means ?uorine, chlorine, bromine or 
iodine. 

[0021] “Monomer” means a polymeriZable allylic, vinylic 
or acrylic compound. The monomer may be anionic, cat 
ionic, nonionic or ZWitterionic. Vinyl monomers are pre 
ferred, acrylic monomers are more preferred. 

[0022] Representative non-ionic, Water-soluble monomers 
include acrylamide, methacrylamide, N,N-dimethylacryla 
mide, N,N-diethylacrylamide, N-isopropylacrylamide, 
N-vinylformamide, N-vinylmethylacetamide, N-vinyl pyr 
rolidone, hydroXyethyl methacrylate, hydroXyethyl acrylate, 
hydroXypropyl acrylate, hydroXypropyl methacrylate, N-t 
butylacrylamide, N-methylolacrylamide, vinyl acetate, vinyl 
alcohol, and the like. 

[0023] Representative anionic monomers include acrylic 
acid, and it’s salts, including, but not limited to sodium 
acrylate, and ammonium acrylate, methacrylic acid, and it’s 
salts, including, but not limited to sodium methacrylate, and 
ammonium methacrylate, 2-acrylamido-2-methylpropane 
sulfonic acid (AMPS), the sodium salt of AMPS, sodium 
vinyl sulfonate, styrene sulfonate, maleic acid, and it’s salts, 
including, but not limited to the sodium salt, and ammonium 
salt, sulfonate, itaconate, sulfopropyl acrylate or methacry 
late or other Water-soluble forms of these or other polymer 
isable carboXylic or sulphonic acids. Sulfomethylated acry 
lamide, allyl sulfonate, sodium vinyl sulfonate, itaconic 
acid, acrylamidomethylbutanoic acid, fumaric acid, 
vinylphosphonic acid, vinylsulfonic acid, allylphosphonic 
acid, sulfomethylated acrylamide, phosphonomethylated 
acrylamide, itaconic anhydride, and the like. 
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[0024] Representative cationic monomers include allyl 
amine, vinyl amine, dialkylaminoalkyl acrylates and meth 
acrylates and their quaternary or acid salts, including, but 
not limited to, dimethylaminoethyl acrylate methyl chloride 
quaternary salt (DMAEA.MCQ), dimethylaminoethyl acry 
late methyl sulfate quaternary salt, dimethyaminoethyl acry 
late benZyl chloride quaternary salt, dimethylaminoethyl 
acrylate sulfuric acid salt, dimethylaminoethyl acrylate 
hydrochloric acid salt, dimethylaminoethyl methacrylate 
methyl chloride quaternary salt, dimethylaminoethyl meth 
acrylate methyl sulfate quaternary salt, dimethylaminoethyl 
methacrylate benZyl chloride quaternary salt, dimethylami 
noethyl methacrylate sulfuric acid salt, dimethylaminoethyl 
methacrylate hydrochloric acid salt, dialkylaminoalkylacry 
lamides or methacrylamides and their quaternary or acid 
salts such as acrylamidopropyltrimethylammonium chlo 
ride, dimethylaminopropyl acrylamide methyl sulfate qua 
ternary salt, dimethylaminopropyl acrylamide sulfuric acid 
salt, dimethylaminopropyl acrylamide hydrochloric acid 
salt, methacrylamidopropyltrimethylammonium chloride, 
dimethylaminopropyl methacrylamide methyl sulfate qua 
ternary salt, dimethylaminopropyl methacrylamide sulfuric 
acid salt, dimethylaminopropyl methacrylamide hydrochlo 
ric acid salt, diethylaminoethylacrylate, diethylaminoethyl 
methacrylate, diallyldiethylammonium chloride and dial 
lyldimethyl ammonium chloride (DADMAC). Alkyl groups 
are generally C1_4 alkyl. 

[0025] “ZWitterionic monomer” means a polymeriZable 
molecule containing cationic and anionic (charged) func 
tionality in equal proportions, so that the molecule is net 
neutral overall. Representative ZWitterionic monomers 
include N,N-dimethyl-N-acryloyloXyethyl-N-(3-sulfopro 
pyl)-ammonium betaine, N,N-dimethyl-N-acrylamidopro 
pyl-N-(2-carboXymethyl)-ammonium betaine, N,N-dim 
ethyl-N-acrylamidopropyl-N-(3-sulfopropyl)-ammonium 
betaine, N,N-dimethyl-N-acrylamidopropyl-N-(2-car 
boXymethyl)-ammonium betaine, 2-(methylthio)ethyl meth 
acryloyl-S-(sulfopropyl)-sulfonium betaine, 2-[(2-acryloyl 
ethyl)dimethylammonio]ethyl 2-methyl phosphate, 
2-(acryloyloXyethyl)-2‘-(trimethylammonium)ethyl phos 
phate, [(2-acryloylethyl)dimethylammonio]methyl phos 
phonic acid, 2-methacryloyloXyethyl phosphorylcholine 
(MPC), 2-[(3-acrylamidopropyl)dimethylammonio]ethyl 
2‘-isopropyl phosphate (AAPI), 1-vinyl-3-(3-sulfopropy 
l)imidaZolium hydroXide, (2-acryloXyethyl) carboXymethyl 
methylsulfonium chloride, 1-(3-sulfopropyl)-2-vinylpyri 
dinium betaine, N-(4-sulfobutyl)-N-methyl-N, N-dially 
lamine ammonium betaine (MDABS), N,N-diallyl-N-me 
thyl-N-(2-sulfoethyl)ammonium betaine, and the like. 

[0026] “Papermaking process” means a method of making 
paper products from pulp comprising forming an aqueous 
cellulosic papermaking furnish, draining the furnish to form 
a sheet and drying the sheet. The steps of forming the 
papermaking furnish, draining and drying may be carried 
out in any conventional manner generally knoWn to those 
skilled in the art. Conventional microparticles, alum, cat 
ionic starch or a combination thereof may be utiliZed as 
adjuncts With the polymer treatment of this invention, 
though it must be emphasiZed that no adjunct is required for 
effective deWatering activity. 

PREFERRED EMBODIMENTS 

[0027] The aldehyde-functionaliZed polymers according 
to this invention are prepared by reacting a polymer com 
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prising amino or amido groups With one or more aldehydes. 
The polymer comprising amino or amide groups can have 
various architectures including linear, branched, star, block, 
graft, dendrimer, and the like. 

[0028] Preferred polymers comprising amino or amido 
groups include polyamines and polyamides. The polyamides 
and polyamides may be prepared by copolymeriZing mono 
mers under free radical forming conditions using any num 
ber of techniques including emulsion polymeriZation, dis 
persion polymeriZation and solution polymeriZation. 

[0029] Polyamines may also be prepared by modi?cation 
of a pre-formed polyamide, for example by hydrolysis of 
acrylamide-vinylformamide copolymer using acid or base as 
described in US. Pat. Nos. 6,610,209 and 6,426,383. 

[0030] Polyaminoamides may also be prepared by direct 
amidation of polyalkyl carboxylic acids and transamidation 
of copolymers containing carboxylic acid and (meth)acry 
lamide units as described in US. Pat. No. 4,919,821. 

[0031] “Emulsion polymer” and “latex polymer” mean a 
polymer emulsion comprising an aldehyde-functionaliZed 
polymer according to this invention in the aqueous phase, a 
hydrocarbon oil for the oil phase and a Water-in-oil emul 
sifying agent. Inverse emulsion polymers are hydrocarbon 
continuous With the Water-soluble polymers dispersed 
Within the hydrocarbon matrix. The inverse emulsion poly 
mers are then “inverted” or activated for use by releasing the 
polymer from the particles using shear, dilution, and, gen 
erally, another surfactant. See Us. Pat. No. 3,734,873, 
incorporated herein by reference. Representative prepara 
tions of high molecular Weight inverse emulsion polymers 
are described in Us. Pat. Nos. 2,982,749; 3,284,393; and 
3,734,873. See also, Hunkeler, et al., “Mechanism, Kinetics 
and Modeling of the Inverse-Microsuspension Homopoly 
merization ofAcrylamia'e, ” Polymer, vol. 30(1), pp 127-42 
(1989); and Hunkeler et al., “Mechanism, Kinetics and 
Modeling of Inverse-Microsuspension Polymerization 2. 
CopolymeriZation of Acrylamide With Quaternary Ammo 
nium Cationic Monomers,” Polymer, vol. 32(14), pp 2626 
40 (1991). 
[0032] The aqueous phase is prepared by mixing together 
in Water one or more Water-soluble monomers, and any 
polymeriZation additives such as inorganic salts, chelants, 
pH buffers, and the like. 

[0033] The oil phase is prepared by mixing together an 
inert hydrocarbon liquid With one or more oil soluble 
surfactants. The surfactant mixture should have a loW hydro 
philic-lypophilic balance (HLB), to ensure the formation of 
an oil continuous emulsion. Appropriate surfactants for 
Water-in-oil emulsion polymeriZations, Which are commer 
cially available, are compiled in the North American Edition 
of McCutcheon’s Emulsi?ers & Detergents. The oil phase 
may need to be heated to ensure the formation of a homo 
geneous oil solution. 

[0034] The oil phase is then charged into a reactor 
equipped With a mixer, a thermocouple, a nitrogen purge 
tube, and a condenser. The aqueous phase is added to the 
reactor containing the oil phase With vigorous stirring to 
form an emulsion. The resulting emulsion is heated to the 
desired temperature, purged With nitrogen, and a free-radical 
initiator is added. The reaction mixture is stirred for several 
hours under a nitrogen atmosphere at the desired tempera 
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ture. Upon completion of the reaction, the Water-in-oil 
emulsion polymer is cooled to room temperature, Where any 
desired post-polymeriZation additives, such as antioxidants, 
or a high HLB surfactant (as described in US. Pat. No. 
3,734,873) may be added. 
[0035] The resulting emulsion polymer is a free-?owing 
liquid. An aqueous solution of the Water-in-oil emulsion 
polymer can be generated by adding a desired amount of the 
emulsion polymer to Water With vigorous mixing in the 
presence of a high-HLB surfactant (as described in US. Pat. 
No. 3,734,873). 
[0036] “Dispersion polymer” polymer means a Water 
soluble polymer dispersed in an aqueous continuous phase 
containing one or more organic or inorganic salts and/or one 
or more aqueous polymers. Representative examples of 
dispersion polymeriZation of Water-soluble polymers in an 
aqueous continuous phase can be found in US. Pat. Nos. 
5,605,970; 5,837,776; 5,985,992; 4,929,655; 5,006,590; 
5,597,859; and 5,597,858 and in European Patent Nos. 
183,466; 657,478; and 630,909. 
[0037] In a typical procedure for preparing a dispersion 
polymer, an aqueous solution containing one or more inor 
ganic or organic salts, one or more Water-soluble monomers, 
any polymeriZation additives such as processing aids, 
chelants, pH buffers and a Water-soluble stabiliZer polymer 
is charged to a reactor equipped With a mixer, a thermo 
couple, a nitrogen purging tube, and a Water condenser. The 
monomer solution is mixed vigorously, heated to the desired 
temperature, and then a free radical initiator is added. The 
solution is purged With nitrogen While maintaining tempera 
ture and mixing for several hours. After this time, the 
mixture is cooled to room temperature, and any post 
polymeriZation additives are charged to the reactor. Water 
continuous dispersions of Water-soluble polymers are free 
flowing liquids With product viscosities generally 100-10, 
000 cP, measured at loW shear. 

[0038] In a typical procedure for preparing solution poly 
mers, an aqueous solution containing one or more Water 
soluble monomers and any additional polymeriZation addi 
tives such as chelants, pH buffers, and the like, is prepared. 
This mixture is charged to a reactor equipped With a mixer, 
a thermocouple, a nitrogen purging tube and a Water con 
denser. The solution is mixed vigorously, heated to the 
desired temperature, and then one or more free radical 
polymeriZation initiators are added. The solution is purged 
With nitrogen While maintaining temperature and mixing for 
several hours. Typically, the viscosity of the solution 
increases during this period. After the polymeriZation is 
complete, the reactor contents are cooled to room tempera 
ture and then transferred to storage. Solution polymer vis 
cosities vary Widely, and are dependent upon the concen 
tration and molecular Weight of the active polymer 
component. 
[0039] The polymeriZation reactions are initiated by any 
means Which results in generation of a suitable free-radical. 
Thermally derived radicals, in Which the radical species 
results from thermal, homolytic dissociation of an aZo, 
peroxide, hydroperoxide and perester compound are pre 
ferred. Especially preferred initiators are aZo compounds 
including 2,2‘-aZobis(2-amidinopropane) dihydrochloride, 
2,2‘-aZobis[2-(2-imidaZolin-2-yl)propane]dihydrochloride, 
2,2‘-aZobis(isobutyronitrile) (AIBN), 2,2‘-aZobis(2,4-dim 
ethylvaleronitrile) (AIVN), and the like. 
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[0040] The polymerization processes can be carried out as 
a batch process or in steps. In a batch process, all of the 
reactive monomers are reacted together, Whereas in a step or 
semi-batch process, a portion of the reactive monomer is 
Withheld from the main reaction and added over time to 
affect the compositional drift of the copolymer or the for 
mation of the dispersion particles. 

[0041] The polymeriZation and/or post polymeriZation 
reaction conditions are selected such that the resulting 
polymer comprising amino or amido groups has a molecular 
Weight of at least about 1,000 g/mole, preferably about 2,000 
to about 10,000,000 g/mole. 

[0042] The polymer comprising amino or amido groups is 
then functionaliZed by reaction With one or more aldehydes. 
Suitable aldehydes include any compound containing at 
least one aldehyde (—CHO) functional group having suffi 
cient reactivity to react With the amino or amido groups of 
the polymer. Representative aldehydes include formalde 
hyde, paraformaldehyde, glutaraldehyde, glyoXal, and the 
like. GlyoXal is preferred. 

[0043] The aldehyde-functionaliZed polymer is prepared 
by reacting the polyamide or polyamine With aldehyde at a 
pH betWeen 4 to 12. The total concentration of polymer 
backbone plus aldehyde is betWeen about 5 to about 35 
Weight percent. Generally, an aqueous solution of the poly 
mer backbone is prepared for better reaction rate control and 
increased product stability. The pH of the aqueous polymer 
backbone solution is increased to betWeen about 4 to about 
12. The reaction temperature is generally about 20 to about 
80° C. preferably about 20 to about 40° C. An aqueous 
aldehyde solution is added to the aqueous polymer backbone 
solution With good miXing to prevent gel formation. After 
the addition of aldehyde the pH is adjusted to about 4 to 
about 12 to achieve the desired reaction rate. After the 
adjustment of the pH generally the amount of monoreacted 
amide/amine is optimum for the given ratio of aldehyde to 
amide/amine and the amount of direacted amide/amine is 
loW. The rate of viscosity increase is monitored during the 
reaction using a Brook?eld viscometer. Aviscosity increase 
of 0.5 cps indicates an increase in polymer molecular Weight 
and an increase in the amount of direacted amide/amine. The 
amount of monoreacted amide/amine is generally main 
tained during the viscosity increase but the amount of 
direacted amide/amine increases With viscosity. Generally, 
the desired viscosity increase corresponds to a desired level 
of monoreacted amide/amine, direacted amide/amine and 
molecular Weight. The rate of reaction depends on the 
temperature, total concentration of polymer and aldehyde, 
the ratio of aldehyde to amide/amine functional groups and 
pH. Higher rates of glyoXylation are eXpected When the 
temperature, total concentration of polymer and aldehyde, 
the ratio of aldehyde to amide/amine functional groups or 
pH is increased. The rate of reaction can be sloWed doWn by 
decreasing the total concentration of polymer and aldehyde, 
temperature, the ratio of aldehyde to amide/amine functional 
groups or pH (to betWeen about 2 to about 3.5). The amount 
of unreacted aldehyde at the end of the reaction increases as 
the ratio of aldehyde to amide/amine functional groups is 
increased. HoWever, the total amount of monoreacted and 
direacted amide/amine becomes larger. 

[0044] For eXample, reaction of a 95/5 mole percent 
diallyldimethylammonium chloride/acrylamide copolymer 
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With glyoXal in a molar ratio of 0.4 to 1 glyoXal to acryla 
mide results in a 95/5 mole percent acrylamide/DADMAC 
copolymer With about 15 to 23 mole percent monoreacted 
and direacted acrylamide and With about 60 to 70 mole 
percent total unreacted glyoXal at the target product viscos 
ity and molecular Weight. A molar ratio of 0.8 to 1 glyoXal 
to acrylamide results in a 95/5 mole percent acrylamide/ 
DADMAC copolymer With about 22 to 30 mole percent 
monoreacted and direacted acrylamide and With about 70 to 
80 mole percent total unreacted glyoXal at the target product 
viscosity and molecular Weight. 

[0045] The product shelf stability depends on the storage 
temperature, product viscosity, total amount of reacted 
amide/amine, total concentration of polymer and aldehyde, 
the ratio of aldehyde to amide/amine functional groups and 
pH. Generally, the pH of the product is maintained at a loW 
pH (2 to 3.5) and the total concentration of polymer and 
aldehyde is optimiZed to eXtend shelf stability. 

[0046] The reaction conditions are selected such that at 
least about 15 mole percent, preferably at least about 20 
mole percent of the amino or amido groups in the polymer 
react With the aldehyde to form the aldehyde-functionaliZed 
polymer. The resulting aldehyde-functionaliZed polymers 
have a Weight average molecular Weight of at least about 
100,000 g/mole, preferably at least about 300,000 g/mole. 

[0047] In a preferred aspect of this invention, the aldehyde 
functionaliZed polymer is an aldehyde functionaliZed polya 
mide. 

[0048] In another preferred aspect, the aldehyde function 
aliZed polyamide is an aldehyde-functionaliZed polymer 
comprising 100 mole percent of one or more nonionic 
monomers. 

[0049] In another preferred aspect, the aldehyde function 
aliZed polyamide is an aldehyde functionaliZed copolymer 
comprising about 5 to about 99 mole percent of one or more 
acrylamide monomers and about 95 mole percent to about 1 
mole percent of one or more cationic, anionic or ZWitterionic 
monomers, or a miXture thereof. 

[0050] Copolymers prepared from nonionic monomers 
and cationic monomers preferably have a cationic charge of 
about 1 to about 50 mole percent, more preferably from 
about 1 to about 30 mole percent. 

[0051] Copolymers prepared from nonionic monomers 
and anionic monomers preferably have an anionic charge of 
about 1 to about 50 mole percent, more preferably from 
about 1 to about 30 mole percent. 

[0052] Amphoteric polymers preferably have an overall 
positive charge. Preferred amphoteric polymers are com 
posed of up to about 40 mole percent cationic monomers and 
up to about 20 mole percent anionic monomers. More 
preferred amphoteric polymers comprise about 5 to about 10 
mole percent cationic monomers and about 0.5 to about 4 
mole percent anionic monomers. 

[0053] ZWitterionic polymers preferably comprise 1 to 
about 95 mole percent, preferably 1 to about 50 mole percent 
ZWitterionic monomers. 

[0054] In a preferred aspect of this invention the aldehyde 
functionaliZed polyamide is an aldehyde functionaliZed 
copolymer comprising about 1 to about 99 mole percent of 
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one or more acrylamide monomers and about 99 mole 
percent to about 1 mole percent of one or more cationic, 
anionic or ZWitterionic monomers, or a mixture thereof. 

[0055] In another preferred aspect, the aldehyde function 
aliZed polyamide is an aldehyde functionaliZed copolymer 
comprising about 50 to about 99 mole percent of one or 
more acrylamide monomers and about 50 to about 1 mole 
percent of one or more cationic monomers. 

[0056] In another preferred aspect, the aldehyde function 
aliZed polymer is a copolymer comprising about 50 to about 
99 mole percent of one or more acrylamide monomers and 
about 50 to about 1 mole percent of one or more cationic 
monomers Wherein the copolymer is functionaliZed With 
glyoxal. 

[0057] In another preferred aspect, the cationic monomer 
is a diallyl-N,N-disubstituted ammonium halide monomer. 

[0058] In another preferred aspect, about 20 to about 50 
mole percent of the amide groups of the copolymer have 
reacted With glyoxal. 

[0059] In another preferred aspect, the nonionic monomer 
is acrylamide and the diallyl-N,N-disubstituted ammonium 
halide monomer is diallyldimethylammonium chloride. 

[0060] In another preferred aspect, the functionaliZed 
polymer is a copolymer comprising about 70 to about 99 
mole percent of acrylamide and about 1 to about 30 mole 
percent of diallyldimethylammonium chloride functional 
iZed With glyoxal. 

[0061] In another preferred aspect, about 20 to about 26 
mole percent of the amide groups of the copolymer have 
reacted With glyoxal. 

[0062] The aldehyde-functionaliZed polymers are useful 
for deWatering all grades of paper and paperboard With 
board grades and ?ne paper grades being preferred. Recycle 
board grades using OCC (old corrugated containers) With or 
Without mixed Waste have been particularly responsive. 

[0063] Useful increases in deWatering can be achieved 
With aldehyde-functionaliZed polymer doses in the range 
0.05 to 15.0 lb polymer/ton of dry ?ber With best results 
normally achieved in the range 0.5 to 3.0 lb/ton depending 
on the particular papermaking circumstances (papermachine 
equipment and papermaking raW materials used). 

[0064] The aldehyde functionaliZed polymers of the 
invention can be added in traditional Wet end locations used 
for conventional Wet end additives. These include to thin 
stock or thick stock. The actual Wet end location is not 
considered to be critical, but the aldehyde-functionaliZed 
polymers are preferably added prior to the addition of other 
cationic additives. Because the aldehyde-functionaliZed 
polymers are believed to act as pressing aids, their addition 
to the Wet end is not necessary, and the option of adding 
them just prior to the press section after the formation of the 
sheet can also be practiced. For example, the polymer can be 
sprayed on the Wet Web prior to entering the press section, 
and this can be a preferred mode of addition to reduce 
dosages or the effects of interferences Which might occur in 
the Wet end. Other traditional Wet end additives can be used 
in combination With the aldehyde functionaliZed polymers. 
These include retention aids, strength additives such as 
starches, siZing agents, and the like. 
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[0065] When using aldehyde-functionaliZed polymers as 
described herein having net anionic charge, a method of 
?xing the polymer to the ?ber is needed. This ?xing is 
typically accomplished by using cationic materials in con 
junction With the polymers. Such cationic materials are most 
frequently coagulants, either inorganic (e.g. alum, polyalu 
minum chlorides, iron chloride or sulfate, and any other 
cationic hydrolyZing salt) or organic (e.g. p-DADMACs, 
EPI/DMAs, PEIs, modi?ed PEIs or any other high charged 
density loW to medium molecular Weight polymers). Addi 
tionally, cationic materials added for other purposes like 
starch, Wet strength, or retention additives can also serve to 
?x the anionic polymer. No additional additives are need to 
?x cationic aldehyde-functionaliZed polymers to the ?ller. 

[0066] The foregoing may be better understood by refer 
ence to the folloWing examples, Which are presented for 
purposes of illustration and are not intended to limit the 
scope of the invention. 

EXAMPLE 1 

Preparation of 95/5 Mole % Acrylamide/DADMAC 
Copolymer 

[0067] To a 1500-mL reaction ?ask ?tted With a mechani 
cal stirrer, thermocouple, condenser, nitrogen purge tube, 
and addition port is added 116.4 g of deioniZed or soft Water, 
26.3 g of phosphoric acid, 63.8 g of a 62% aqueous solution 
of diallyldimethyl ammonium chloride (Nalco Company, 
Naperville, 111.), 7.6 g of sodium formate, and 0.09 g of 
ethylenediaminetetraacetic acid, tetra sodium salt. The reac 
tion mixture is stirred at 400 rpm and the pH adjusted to 4.7 
to 4.9 using 17.3 g of aqueous 50% sodium hydroxide 
solution. The resulting mixture is heated to 100° C. and 
purged With nitrogen at 50 mL/min. Upon reaching 100° C., 
17.6 g of a 25.0% aqueous solution of ammonium persulfate 
is added to the reaction mixture over a period of 135 
minutes. Five minutes after starting the ammonium persul 
fate addition, 750.9 g of a 49.5% aqueous solution of 
acrylamide is added to the reaction mixture over a period of 
120 minutes. The reaction is held at 100° C. for 180 minutes 
after ammonium persulfate addition. The reaction mixture is 
then cooled to ambient temperature and the pH is adjusted 
to 5.2 to 5 .8 using 50% aqueous sodium hydroxide solution 
or concentrated sulfuric acid. The product is a viscous, clear 
to amber solution. The product has a molecular Weight of 
about 20,000 g/mole. 

EXAMPLE 2 

Glyoxylation of 95/5 Mole % 
Acrylamide/DADMAC Copolymer With 0.8 to 1 

Glyoxal to Acrylamide Mole Ratio at 9.0% Actives 
(Total Glyoxal and Polymer) 

[0068] To a 2000-mL reaction ?ask ?tted With a mechani 
cal stirrer, thermocouple, condenser, addition port and sam 
pling valve at the bottom of the reactor is added 238.0 g of 
a 41% aqueous solution of 95/5 mole % acrylamide/DAD 
MAC copolymer, prepared as in Example 1, and 1304.0 g of 
deioniZed or soft Water. The polymer solution is stirred at 
400 rpm. The pH of the solution is adjusted to 8.8 to 9.1 by 
adding 5.8 g of 50% aqueous sodium hydroxide solution. 
The reaction temperature is set at 24 to 26° C. Glyoxal 
(143.0 g of a 40% aqueous solution) is added to the reaction 
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mixture over 20 to 30 minutes. The Brook?eld viscosity 
(Brook?eld Programmable LVDV-II+ Viscometer, LV # 1 
spindle at 60 rpm, Brook?eld Engineering Laboratories, Inc, 
Middleboro, Mass.) of the reaction mixture is about 4 to 5 
cps after glyoxal addition. The pH of the reaction mixture is 
adjusted to 7.5 to 8.8 using 10% aqueous sodium hydroxide 
(25 g) added over 20 to 30 minutes. The Brook?eld viscosity 
(Brook?eld Programmable LVDV-II+ Viscometer, LV # 1 
spindle at 60 rpm, Brook?eld Engineering Laboratories, Inc, 
Middleboro, Mass.) of the reaction mixture is about 4 to 5 
cps after sodium hydroxide addition. The pH of the reaction 
mixture is maintained at about 7.0 to 8.8 at about 24 to 26° 
C. With good mixing. The Brook?eld viscosity is monitored 
and upon achieving the desired viscosity increase of greater 
than or equal to 1 cps (5 to 200 cps, >100,000 g/mole) the 
pH of the reaction mixture is decreased to 2 to 3.5 by adding 
sulfuric acid (93%) to substantially decrease the reaction 
rate. The rate of viscosity increase is dependent on the 
reaction pH and temperature. The higher the pH of the 
reaction mixture the faster the rate of viscosity increase. The 
rate of viscosity increase is controlled by decreasing the pH 
of the reaction mixture. The product is a clear to haZy, 
colorless to amber, ?uid With a Brook?eld viscosity greater 
than or equal to 5 cps. The resulting product is more stable 
upon storage When the Brook?eld viscosity of the product is 
less than 40 cps and When the product is diluted With Water 
to loWer percent actives. The product can be prepared at 
higher or loWer percent total actives by adjusting the desired 
target product viscosity. NMR analysis of the samples 
prepared indicate that about 70 to 80% of the glyoxal is 
unreacted and 15 to 35 mole percent of the acrylamide units 
reacted With glyoxal to from monoreacted and direacted 
acrylamide. 

EXAMPLE 3 

DeWatering Effectiveness of Representative 
Aldehyde-functionaliZed Polymers 

[0069] The deWatering effects of glyoxalated DADMAC/ 
Acrylamide polymers prepared With glyoxal to acrylamide 
mole ratios (here after referred to as the G/A ratio) of 0.1, 
0.2, 0.4 and 0.8 are evaluated through paper machine trials. 
The relative performance of polymers prepared using the 
0.1, 0.2, and 0.8 G/A ratios are compared to the polymer 
prepared With the 0.4 mole ratio. The trials are run on a dual 
headbox Fourdrinier papermachine using 100% OCC fur 
nish manufacturing recycle linerboard and corrugating 
medium. Actual papermachine conditions varied depending 
on the speci?c grade of paperboard being made. In all cases, 
a retention program of polyaluminum chloride fed to the 
thick stock and a cationic ?occulant fed to the thin stock is 
used. For linerboard grades, ASA siZing fed to the thin stock 
is also present. The glyoxalated acrylamide polymers are 
applied through a spray boom to the underside of the top ply 
prior to meshing With the bottom ply, although earlier trials 
demonstrated the deWatering effect could also be achieved 
by Wet-end thick or thin stock addition. 

[0070] The deWatering effect of the polymers is evaluated 
on the basis of steam pressure changes in the machine dryer 
section Which are provided through the mills DCS (distribu 
tive control system) computer system. The sheet moisture at 
the reel is measured on-line and is maintained by adjustment 
of the steam pressure (a measure of steam usage or energy 
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consumption). Lower sheet moisture at the reel re?ects a 
loWer sheet moisture going into the dryer section or equiva 
lently, better deWatering through the machine sections pre 
ceding the dryer section. The loWer steam demand, as 
measured by pressure, then re?ects improved deWatering. If 
the steam pressure in these sections drops to a level Where 
the operator feels comfortable that normal sWings in steam 
demand can be handled, then he Will increase the machine 
speed manually. When changes in polymer type or dose are 
made, the steam pressure from one of the steam sections is 
folloWed closely to see if any change occurs, With proper 
consideration given to changes in production rates When 
they occur. The initial effect of a drier sheet is observed by 
loWer percent moisture detected at the reel. HoWever, this 
drop in percent moisture is short lived because of the 
automatic regulation leaving only the steam reduction as a 
permanent reminder of any deWatering effect produced. 
Many factors other than addition of the aldehyde-function 
aliZed polymer also affect the sheet moisture, but most, like 
stock changes, occur over a longer time frame than the steam 
reduction effect caused by the polymer additive, particularly 
When applied on the table through spray application. Con 
sequently, the steam reduction is a better indicator of poly 
mer deWatering than the average production rate or machine 
speed, as these measures are more easily confounded With 
the other factors Which effect machine speed. 

EXAMPLE 3a 

Comparison of Polymer With a 0.1 G/A Ratio With 
Polymer Having a 0.4 G/A Ratio 

[0071] Comparison of these tWo polymers is conducted on 
42 lb linerboard in the absence of Wet-end starch. After a 
baseline is established With the 0.4 G/A ratio polymer at 2.0 
lb/ton, the 0.1 G/A ratio polymer is substituted at 2.2 lb/ton. 
Almost immediately, the sheet at the reel is consistently 
observed to be Wetter and the steam demand increases to 
maximum in about 1 hr Which necessitates the re-introduc 
tion of the 0.4 G/A ratio polymer to prevent sloWing doWn 
the paper machine. To regain control of the machine, 3 lb/ton 
of the 0.4 G/A ratio polymer is needed, and its addition 
results in a dramatic reduction in steam pressure, 12 psi in 
15 min. Subsequently, a baseline With the 0.4 G/A ratio 
polymer is reestablished at 2 lb/ton Whereupon substitution 
With 0.1 G/A ratio polymer at the higher dose of 3.4 lb/ton 
is initiated. At this much higher dose, the steam pressure 
progressively increases over a period of about an hour again 
to the point Where it becomes necessary to revert back to the 
0.4 G/A ratio polymer to prevent sloWing the machine. 
Again, With the 0.4 G/Aratio polymer added at 3.0 lb/ton the 
steam pressure is quickly reduced, 12 psi in 15 min. and this 
reduction could be maintained even When the 0.4 G/A ratio 
polymer’s dose is reduced to 2 lb/ton. The 0.1 G/A ratio 
polymer could not maintain the steam pressure, and there 
fore the machine speed, achieved by 0.4 G/A ratio polymer 
even at a dose 70% higher. No change in the strength 
speci?cations for this grade (Mullen and Scott bond) could 
be detected When the 0.1 G/A ratio polymer is substituted for 
the 0.4 G/A ratio polymer. 

EXAMPLE 3b 

Comparison of Polymer With a 0.2 G/A Ratio With 
Polymer Having a 0.4 G/A Ratio 

[0072] Comparison of these tWo polymers is conducted on 
35 lb linerboard With 5 lb/ton Wet-end starch fed to the thick 



US 2005/0161181 A1 

stock. After a baseline is established With the 0.4 G/A ratio 
polymer at 2.0 lb/ton, the 0.2 G/A ratio polymer is substi 
tuted at 2.2 lb/ton. At this dosage, a modest increase in steam 
pressure of 5 psi is measured over a period of about the hour. 
Reintroduction of the 0.4 G/A ratio polymer resulted in an 
immediate decrease in reel moisture and a quick decline in 
steam pressure of 3 psi in 10 min. Switching back to the 0.2 
G/A ratio polymer at 2.2 lb/ton at this point keeps the steam 
reasonably constant for about an hour With only a 2 psi 
increase. Again, reintroduction of 2 lb of the 0.4 G/A ratio 
polymer results in a quick decline in steam pressure of 8 psi 
in 20 min. indicative of improve deWatering. Based on these 
results, the 0.2 G/A ratio polymer certainly demonstrates 
deWatering ability, but even at a 10% increase in dosage, it 
could not maintain the pressure achievable With the 0.4 G/A 
ratio polymer. Additionally, unlike the 0.1 G/A ratio poly 
mer, the 0.2 G/A ratio polymer is capable of keeping the 
machine running at the desired speed although at increased 
steam demand and dosage relative to the 0.4 G/A ratio 
polymer. The trial results With these three polymers indi 
cated that the 0.4 G/A ratio polymer gives better deWatering 
than the 0.2 G/A ratio polymer and it in turn gives better 
deWatering than the 0.1 G/A ratio polymer. No change in the 
strength speci?cations for this grade (STFI) could be 
detected When the 0.2 G/A ratio polymer is substituted for 
the 0.4 G/A ratio polymer. 

EXAMPLE 3c 

Comparison of Polymer With a 0.8 G/A Ratio With 
Polymer having a 0.4 G/A Ratio 

[0073] Based on the discovery that increasing the G/A 
ratio in the preparation of the polymers increases deWater 
ing, an even higher G/A ratio of 0.8 is prepared and 
evaluated on the same papermachine. Comparison of the 0.8 
G/A ratio polymer With the 0.4 G/A ratio polymer is con 
ducted on 33 lb corrugating medium in the absence of 
Wet-end starch. Addition of the 0.4 G/A ratio polymer at 2.0 
lb/ton results in a very good reduction in steam pressure of 
21 psi after about 2 hours at Which time 1.5 lb/ton of the 0.8 
G/A ratio polymer replaces the 2 lb/ton of 0.4 G/A ratio 
polymer. Even With the 25% reduction in dose, the addition 
of the 0.8 G/A ratio polymer results in an even further 
reduction in steam pressure by 3 psi and a dramatic increase 
in steam pressure of 12 psi occurs in 0.5 hour When it is 
removed. Further trialing is conducted on 26 lb corrugating 
medium in the absence of Wet-end starch. Starting again 
With 2.0 lb/ton of 0.4 G/A ratio polymer to establish the 
baseline, a substitution of 2.0 lb/ton of 0.8 G/Aratio polymer 
results in a drop in steam pressure of 7 psi in 60 min., Which 
further decreases by 4 psi When the dosage is increased to 3 
lb/ton in 10 min. Reducing the 0.8 G/A ratio polymer to only 
1.0 lb/ton relative to the 3 lb/ton results in an increase in 
steam pressure, but it remains 8 psi beloW the 2.0 lb/ton 0.4 
G/A ratio polymer value even With an increase in machine 
speed of 30 ft/min. Based on these trial results the 0.8 G/A 
ratio polymer appears to yield equivalent dewatering at a 
dose 25 to 50% less than required by the 0.4 G/A ratio 
polymer. The strength speci?cation for both medium grades 
(Concorra) made With the 0.8 G/A ratio polymer exhibit 
values equal to or greater than those obtained With for the 0.4 
G/A ratio polymer even though the dosages are generally 
loWer. 

[0074] Based on these trial results, increasing the G/A 
ratio in the preparation of the aldehyde-functionaliZed poly 
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mers is found to provide increased deWatering activity With 
the preferred ratio being greater than 0.4. 

[0075] Changes can be made in the composition, operation 
and arrangement of the method of the invention described 
herein Without departing from the concept and scope of the 
invention as de?ned in the claims. 

1. Amethod of enhancing the deWatering of a paper sheet 
on a paper machine comprising adding to the paper sheet 
about 0.05 lb/ton to about 15 lb/ton, based on dry ?ber, of 
one or more aldehyde functionaliZed polymers comprising 
amino or amido groups Wherein at least about 15 mole 
percent of the amino or amido groups are functionaliZed by 
reacting With one or more aldehydes and Wherein the 
aldehyde functionaliZed polymers have a Weight average 
molecular Weight of at least about 100,000 g/mole. 

2. The method of claim 1 Wherein the aldehyde function 
aliZed polymers are selected from the group consisting of 
aldehyde functionaliZed polyamines and aldehyde function 
aliZed polyamides. 

3. The method of claim 1 Wherein the aldehydes are 
selected from formaldehyde, paraformaldehyde, glyoXal and 
glutaraldehyde. 

4. The method of claim 1 Wherein the aldehyde function 
aliZed polymer is an aldehyde functionaliZed polyamide. 

5. The method of claim 4 Wherein the aldehyde function 
aliZed polyamide is an aldehyde-functionaliZed polymer 
comprising 100 mole percent of one or more nonionic 
monomers. 

6. The method of claim 4 Wherein the aldehyde function 
aliZed polyamide is an aldehyde functionaliZed copolymer 
comprising about 5 to about 99 mole percent of one or more 
acrylamide monomers and about 95 mole percent to about 1 
mole percent of one or more cationic, anionic or ZWitterionic 
monomers, or a miXture thereof. 

7. The method of claim 6 Wherein the aldehyde function 
aliZed polyamide is an aldehyde-functionaliZed copolymer 
comprising 1 to about 50 mole percent of one or more 
anionic monomers and 99 to about 50 mole percent of one 
or more nonionic monomers. 

8. The method of claim 6 Wherein the aldehyde function 
aliZed polyamide is an aldehyde-functionaliZed copolymer 
comprising 1 to about 30 mole percent of one or more 
anionic monomers and 99 to about 70 mole percent of one 
or more nonionic monomers. 

9. The method of claim 6 Wherein the aldehyde function 
aliZed copolymer is an aldehyde-functionaliZed amphoteric 
polymer comprising up to about 40 mole percent of one or 
more cationic monomers and up to about 20 mole percent of 
one or more anionic monomers. 

10. The method of claim 6 Wherein the aldehyde func 
tionaliZed copolymer is an aldehyde-functionaliZed ampho 
teric polymer comprising about 5 to about 10 mole percent 
of one or more cationic monomers and about 0.5 to about 4 
mole percent of one or more anionic monomers. 

11. The method of claim 6 Wherein the aldehyde func 
tionaliZed copolymer is an aldehyde-functionaliZed ZWitte 
rionic polymer comprising about 1 to about 95 mole percent 
of one or more ZWitterionic monomers. 
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12. The method of claim 6 wherein the aldehyde func 
tionaliZed copolymer is an aldehyde-functionaliZed ZWitte 
rionic polymer comprising about 1 to about 50 mole percent 
of one or more ZWitterionic monomers. 

13. The method of claim 6 Wherein the aldehyde func 
tionaliZed polyamide is an aldehyde functionaliZed copoly 
mer comprising about 50 to about 99 mole percent of one or 
more acrylamide monomers and about 50 to about 1 mole 
percent of one or more cationic monomers. 

14. The method of claim 13 Wherein at least about 20 
mole percent of the amide groups of the polyamide have 
reacted With aldehyde. 

15. The method of claim 1 Wherein the aldehyde func 
tionaliZed polymer is a copolymer comprising about 50 to 
about 99 mole percent of one or more acrylamide monomers 
and about 50 to about 1 mole percent of one or more cationic 
monomers Wherein the copolymer is functionaliZed With 
glyoXal. 

16. The method of claim 15 Wherein the cationic mono 
mer is a diallyl-N,N-disubstituted ammonium halide mono 
mer. 

17. The method of claim 16 Wherein about 20 to about 50 
mole percent of the amide groups of the copolymer have 
reacted With glyoXal. 
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18. The method of claim 16 Wherein the nonionic mono 
mer is acrylamide and the diallyl-N,N-disubstituted ammo 
nium halide monomer is diallyldimethylammonium chlo 
ride. 

19. The method of claim 18 Wherein the aldehyde 
functionaliZed polymer has a molecular Weight of at least 
300,000 g/mole. 

20. The method of claim 19 Wherein the aldehyde 
functionaliZed polymer is a copolymer comprising about 70 
to about 99 mole percent of acrylamide and about 1 to about 
30 mole percent of diallyldimethylammonium chloride 
functionaliZed With glyoXal. 

21. The method of claim 20 Wherein about 20 to about 26 
mole percent of the amide groups of the copolymer have 
reacted With glyoXal. 

22. The method of claim 21 Wherein about 0.5 lb/ton to 
about 3 lb/ton, based on dry ?ber, of glyoXylated copolymer 
is added to the paper sheet. 

23. The method of claim 1 Wherein the aldehyde func 
tionaliZed polymer is sprayed onto the paper sheet prior to 
press deWatering. 


